The importance of risk prevention in the workplace during the construction of public infrastructure projects is particularly relevant due to the large number of workers involved as well as the frequency and severity of the accidents. The aim of this work was to conduct an exploratory study of workplace risk prevention in the construction of public work projects in Mexico. The methodology was based on a case study which included an exploration of the attitudes assumed by the civil servants working for the government agency, regarding workplace risk prevention, and the observation of construction processes in a sampling of projects. The results show that the regulations are not fully adhered to during the stages of project planning and contracting for the work. During project designing, the inclusion of criteria regarding workplace risk prevention is relegated, and during public tendering, the experience of the contractor in risk prevention and workplace safety plans are not taken into account. Consequently, as one might expect from the above, during the construction processes, it was possible to observe that only about half of the prevention requirements applicable in the workplace were actually complied with.
Introduction
The execution of public works has great significance, quantitatively speaking, in the area of workplace risk prevention due to a diversity of factors, such as number of jobs offered, high accident rate, and frequency and severity of the accidents [1] . In this study, workplace risk prevention in construction will be referred to hereafter with the abbreviation prevention.
Methodology
For reasons of confidentiality, any information referring to the case under study has been omitted in this paper. The government agency studied herein, in charge of the management of a type of public works, will be denominated hereafter as the institution. The study methodology included: an exploration of the attitudes assumed by members of the institution and the way in which this encourages prevention values; the examination of specific actions, relating to prevention, carried out by the people performing the principle activities in the institution; and finally, observation in the workplace of the execution of a sampling of projects managed by the institution.
The projects observed were constructions of social infrastructure with costs ranging from one to two million US dollars. Typical stages for the management of these projects are as follows: the institution carries out the planning and design stages; after budget authorization, the institution awards the works by means of public tendering and subsequent contracting. During the execution of the works, the institution carries out supervision and project control; once the construction is completed, the institution receives the works and hands them over to the user, who also works for another government institution.
Attitudes Assumed by Members of the Institution and Encouraging Prevention Values
Information was gathered from the following members of the institution: the head of department responsible for project design (hereafter denominated designer), the head of department responsible for tendering and contracting (hereafter denominated as adjudicator); and in the construction area, the head of department responsible for supervision and control, and 15 worksite supervisors (all of whom will be denominated hereafter as supervisors).
For this part of the study, a questionnaire comprising two sections was prepared; the aim of the first section was to ascertain the attitude assumed by members of the institution and in the second to determine what meas-ures are taken by the institution to encourage prevention values. This instrument was developed based on an analysis of the operations manual of the institution pertaining to the guidelines followed in public tenders for the works and the contract model used. As a whole, the instrument consisted of 33 items, presented in the form of affirmations; during its application, the participants were asked to express their position regarding each affirmation, by means of a Likert type scale which included 5 values: 1 (totally disagree), 2 (disagree), 3 (neutral: neither agree nor disagree), 4 (agree) and 5 (totally agree).
Each section of the questionnaire consisted of four components, which are shown in Table 1 ; in order to facilitate a better understanding of the content of the instrument, the same table also presents examples of the items in each component.
Analysis of the data obtained from the application of this instrument was performed by means of descriptive statistics: medians and interquartile range for each component, and for each function within the institution. This measure of central tendency was selected due to the fact that the data were ordinal.
Specific Actions Carried Out by Members of the Institution
In order to determine the specific actions relating to prevention carried out by the people involved in the three functions of the institution, another instrument elaborated with open questions was applied; this instrument was different for each of the three functions. The instrument included actions which, in accordance with the normative framework of the institution and that of the Secretariat of Labor and Social Security of Mexico (STPS), must be carried out on a regular basis in the institution. 
Observation of Project Execution
In order to observe the preventive actions being carried out in the worksite, 13 building projects were selected among those being executed during the development of this investigation. Seven of the projects were classified as small works (area smaller than 4000 ft 2 ) and 6 as medium-sized (area larger than 4000 ft 2 ), according to the criteria of area and height in the NOM-031-STPS-2011, Construction-Health and safety conditions in the workplace [11] . For the realization of the observations, an instrument was elaborated consisting of 376 items, and compliance was verified in the worksites. The content of this instrument was based on the Guide for the Evaluation of Compliance with the Normative Standards for Workplace Health and Safety, of the STPS [12] . Table 2 shows the sections included in this instrument of observation as well as the subsections contained in each section; in this table, for each section presented, there is an abbreviation in parentheses, which will be used in the presentation of results. For greater clarity, as an example of the above, the seven items included in the section for sanitation facilities are as follows:
Sanitation Facilities: Table 2 . Structure of the instrument of observation in the construction sites.
Sections Subsections
General disposition of the work site (Work site), 27 items. 2) Wash-hand basins are provided (mention how many).
3) Showers are provided (mention how many). 4) Soap is provided in the sanitation facilities. Dining area: 5) A dining-area is provided on the work site; this area is sufficiently clean. 6) Tables and benches are adequate and sufficient for the number of workers. Garbage management: 7) Any garbage generated on the worksite is collected and removed from the worksite periodically.
Observations were carried out in the worksites over a period of 11 months. The analysis of the data obtained from the observation instrument in the worksites consisted in calculating the percentage of compliance (PC) of each section of the instrument; the PC was calculated as the percentage of the number of regulations complied (RC), with respect to the number of applicable regulations (AR) during the observation visits, according to Equation (1):
A similar calculation was performed on each project to obtain the percentage of global compliance (PGC) with the applicable regulations; the PGC was calculated as percentage of the sum of regulations complied with in the project, with respect to the sum of applicable regulations during the observation visits (Equation (2)).
The average of the PC was calculated for each section of the instrument; this measure of central tendency was used since the data were in ratio scale, representing the number of behaviors observed. Table 3 shows the medians of the values obtained from the instrument which measured the attitude assumed by members of the institution, regarding the phenomenon of prevention. Columns 2, 3 and 4 correspond to the medians of the points obtained from the opinions of the people performing the three different functions in the institution (design, adjudication and supervision); columns 5 and 6 contain the values obtained from the opinions of the 18 people interviewed. Also in Table 3 , it is possible to observe that all the interviewees expressed their opinion on the general aspects of prevention, and on what they consider to be the responsibilities of their co-workers, as well as their own (the latter have been shaded in the table). One should remember that, in the scale used, 5 represents the best attitude and 1 the worst.
Results

Attitudes Assumed by Members of the Institution
Encouraging Values within the Institution
Similarly, Table 4 shows the medians of the values obtained from the perception of members of the institution as to how this entity encourages values relating to prevention.
Evaluation of the Specific Actions That Members of the Institution Must Carry Out
For each of the functions, the results of the evaluation of specific preventive actions that must be carried out within the institution are as follows:
Designer
• No risk prevention studies are carried out for the projects which could set the standards for the stages of adjudication and execution. It is important to clarify that this document is different from, and does not substitute, the detailed prevention plan that the contractor who wins the tendering process must develop for the execution of the work. • In the design stage, the risks associated with the execution of specific tasks are not identified as they should be, in order to manufacture the different constructive elements.
• The plans do not include graphic or textual information (figures, notes, criteria) indicating to the constructor how to eliminate or mitigate health and safety risks associated with the different work areas.
• In general, the design addresses only the requirements of the stage relating to operation of spaces (How should the building be constructed in order to be used adequately?) and does not address the stage pertaining to execution of the work (How to carry out the work as safely as possible?).
• The design team does not consult the normative standards of workplace safety or recommendations of the STPS. The task of risk prevention is entirely attributed to those responsible for the execution stage.
Adjudicator
• The curriculum required from a contractor in order to participate in the tendering process does not include information regarding his capacity or experience in prevention.
• In the evaluation stage of the tender package containing the technical proposal, the experience of the constructor in the area of prevention is not analyzed.
• The constructors participating in the tendering process are asked to sign a document, included in the list of requirements, in which they promise to comply with the content regarding safety and hygiene in the workplace.
• After the adjudication of the work, the obligation to comply with the requirements included in the aforementioned document is formalized in a clause within the public work contract and an annex.
• The main points included in this annex of safety and hygiene are the following: obligation to comply with the normative standards applicable to safety and health, organization of a commission for hygiene and safety in the worksite, use of personal protective equipment, verification of the condition of tools and equipment, use of warning signs, organization and order in the worksite, and preventive measures applicable to each job, with special emphasis given to working at height and those requiring special devices such as: scaffolding, ladders, hand-rails, platforms, etc.
• During the construction work, the institution does not gather information regarding the performance of the constructors in the area of prevention.
• The adjudicator recognizes that it would be useful to have access to statistics which would facilitate an evaluation of the technical competence of the contractors based on behavior observed during the development of projects previously adjudicated and executed.
Supervisors
• During the execution of the construction work, the supervisors do not consult official normative standards for prevention, and use only the annex on safety and hygiene mentioned above, as their reference for preventive measures.
• Approximately half of the supervisors manifested that they monitor compliance with all the points included in the annex; while a fifth of all supervisors declared that they take no action whatsoever in the area of prevention, preferring to concentrate on compliance with the traditional parameters of performance in the execution of the work (time, cost and quality).
• Among the supervisors who admitted monitoring compliance only with the annex, approximately half reported that, when faced with situations of risk in the workplace, they make verbal requests to the contractor; while the other half make requests by means of the worksite log book.
• In the case of an accident, half of the supervisors said that it is not their attribution or responsibility to investigate the causes; and almost three quarters affirmed that they do not report it to the institution. In fact, no standardized procedure has been established in the institution to make this kind of report.
• Almost every supervisor commented that no campaigns were ever carried out in the work site with the aim of making the workers aware of the importance of prevention.
• Two thirds of the supervisors manifested that the topic of prevention is not discussed in the meetings routinely held with the contractors.
• All the supervisors said that, during the time they have been working for the institution, no training programs or promotional campaigns relating to safety in the workplace have been offered to the personnel of supervision.
• Two thirds of the supervisors commented that for the assignment of the works, their knowledge and experience in the area of prevention are not among the criteria taken into consideration.
Observation of Project Execution
Thirteen projects were observed in order to determine actions related to prevention carried out by the contractors. Table 5 presents the percentages of compliance (PC) with the safety requirements applicable in the jobs observed in the worksite, calculated according to Equation (1) . The last column on the right shows the means of each section; while the last line of the table presents the percentage of global compliance of each project (PGC), calculated according to Equation (2) . For all the values in the table the scale is from 0 to 100, in which 100 means that compliance with all applicable safety requirements was observed in every visit to a project, as in the case of the section for Tools in Project 5. 
Discussion
Based on the points obtained, the individuals performing each of the three functions in the institution while this study was being carried out showed an acceptable attitude regarding the general aspects of prevention (values of 4.0 and 4.5, in a scale of 1 to 5). However, it is important to note that the designer and the adjudicator are of the same opinion, in that the main responsibilities for the area of prevention lie with the other two functions, and more specifically, with the supervisors, the latter arising from a rather old-fashioned, biased vision of the phenomenon of prevention in construction projects. The supervisors, on the other hand, assigned equal responsibility to the three functions, which corresponds to a more modern vision of the phenomenon.
In the normative document published in Mexico by the STPS, titled Guidelines for Safety and Health in the Workplace: Design and Contracting of Public Works [13] , hereafter referred to as Guidelines for Design and Contracting, it is established that the government agencies "must have a policy of risk prevention in the workplace, in effect from the first stages of design and, more particularly, in the assignment and formulation of contractual requirements in order to generate adequate conditions for an optimal performance in safety and health in the work site". The same document also establishes that: "the causes of accidents arise from the most general surroundings to the most specific, while the most influential decisions originate from the conceptual stages (design) to the operatives".
Similarly, in another normative document of the STPS, titled Safety Practices in the Construction Industry: Budget and Planning [14] , hereafter referred to as Practices for Budget and Planning, it is established that "those responsible must identify if the design promotes activities in conflict with preventive measures for safety and health in the workplace… For example, installation plans must take into account fire prevention measures, for which some projects could require provisional work to ensure water supply and adequate access for protective equipment and emergency services".
Regarding institutional values, based on the points obtained, the adjudicator and the supervisors were consistent in their opinions to the effect that the organizational efforts of the institution are insufficient, and that not enough preventive actions are taken (values of 3 in a scale of 1 to 5). On the other hand, the designer expressed a favorable vision in the four indicators considered for the values; most likely due to the fact that he has a more biased vision of prevention.
In relation to the specific actions that each member of the institution must carry out, it was quite obvious that no risk prevention studies are performed for the projects, during the stages prior to the execution (design and adjudication); as a result therefore, all the responsibility for prevention is left to the participants in the execution stage: contractor and supervisors.
The Design and Contracting Guidelines [13] establish that "the Workplace Safety and Health Study must be taken into consideration in the studies, projects and specifications required for the execution of public works". To complement the above, the document Budget and Planning Practices [14] Additionally, in the work adjudication stage, no evidence was found of the institution analyzing the risk prevention capacity of contractors participating in the tender process. In relation to this, in the Design and Contracting Guidelines [13] it is stated that: "When taking into consideration the criteria of solvency and capacity of participants in the tender process, verification of their capacity to execute the requirements in the area of workplace safety and health must be included".
In Mexico, applicable normative standards do not require the contractors participating in the tender process to employ experts specifically trained in prevention. In contrast, in other countries of Latin America, such as Chile, the government does insist on this requirement, as can be appreciated in the following citation: "The contractor must show, on inscription, that their organization includes a staff of qualified professionals… The required expert in risk prevention…must comply with the classification requirements indicated in article No. 9…of the Ministry of Labor and Social Security" [15] . Since there is no legal requirement to employ a safety expert in Mexico, the decision to use specialized consultancy for risk prevention in the workplace is left to the criteria or free will of the contractor.
In the institution under study, once the work has been adjudicated, the only framework of reference used for prevention is a document with general safety recommendations which is annexed to the contract. However, in the Design and Contracting Guidelines [13] , it is established that "with the antecedent of the Workplace Safety and Health Study, the company that has been awarded the contract must elaborate, as part of the requirements, a plan identifying in detail the risks and measures of prevention to be carried out during the execution of the work". In this case study, the institution does not carry out the study referred to in the planning and design stage, nor does it require the company to provide the safety plan mentioned above.
Besides this, no evidence was found of the accidents being registered or of any analyses of the causes, and the supervisors did not receive any training in this area. These three points (register, analysis and training) can be confirmed as indispensable to set in motion a process of improvement in construction organizations, since they will help to break the vicious circle of repeating the same unsafe behavior again and again.
With reference to the actions relating to prevention observed in the work sites, the percentages of compliance (PGC) with safety requirements, for the 13 projects, ranged between 39 and 59 (in a scale from 0 to 100); which can be considered extremely deficient. This is consistent with multiple observations presented in the sub-section dealing with the evaluation of specific actions which the institution should carry out in the area of risk prevention. This can be considered a consequence of not giving enough attention to prevention in the stages of design and adjudication.
The highest percentages of compliance were obtained for the sections: Conditions and use of machinery and equipment (Machinery), and for Management and disposition of materials (Materials), with percentages of compliance with safety requirements of 74 and 71, respectively. The lowest qualification was for Personal protective equipment (PPE), with a percentage of compliance of 25.
It is interesting to note that the best qualifications were obtained for elements forming a part of the company's assets (machinery and materials), while the worst was obtained for the fundamental element of prevention, the worker. This could be interpreted from the perspective that the preventive actions in the sections with the two best qualifications were motivated by the desire to safeguard the patrimony of the companies, rather than protect the integrity of the workers. Figure 1 shows clearly the contrast in the percentages observed in each project, with respect to the three areas mentioned above.
Conclusions
The modus operandi of the institution corresponds to a biased vision in which the responsibility for risk prevention in the workplace is considered to lie exclusively with the participants in the execution stage of the projects: contractors and supervisors. 
Means
The experience and technical capacity of these two participants are not taken into consideration in order to assign the works to those who can guarantee the best results possible in the area of prevention.
In the institution, safety is not planned; the causes and circumstances of the accidents that occur are not analyzed in order to generate knowledge, and the personnel do not receive training in order to avoid their repetition.
In the institution, the recommendations established by the government agency responsible for regulating risk prevention in construction (STPS) are not duly observed.
The use of personal protective equipment in the workplace, which is the basic indicator of prevention, was seen to register the lowest degree of compliance; this would appear to be paradigmatic of the importance awarded to this responsibility by the institution and the contractors.
This work shows the first evidence that, in Mexico, the regulatory framework regarding risk prevention is not complied with, not even when the projects are managed by the government itself. From this we can conclude that in order to provide construction workers with adequate conditions of safety and hygiene, a profound change is required in the way both the government and businessmen interpret their obligation to comply with the rule of law and human rights.
